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Abstract — Properties of concrete with coconut shells (CS) as aggregate replacement were studied. Control concrete with 
normal aggregate and CS concrete with 10 - 20% coarse aggregate replacement with CS were made. Two mixes with CS 
and fly ash were also made to investigate fly ash effect on CS replaced concretes. Constant water to cementitious ratio of 
0.6 was maintained for all the concretes. Properties like compressive strength, split tensile strength, water absorption and 
moisture migration were investigated in the laboratory. The results showed that, density of the concretes decreases with 
increase in CS percent. Workability decreased with increase in CS replacement. Compressive and split tensile strengths of 
CS concretes were lower than control concrete. Permeable voids, absorption and sorption were higher for CS replaced 
concretes than control concrete. Coarse aggregate replacement with equivalent weight of fly ash had no influence when 
compared with properties of corresponding CS replaced concrete. 

Keywords — civil engineering; construction materials; compressive strength coconut shells; concrete, environment; 
sustainability. 



INTRODUCTION 

Infrastructure development across the world created demand for construction materials. Concrete is the premier 
civil engineering construction material. Concrete manufacturing involve consumption of ingredients like cement, aggregates, 
water and admixture(s). Among all the ingredients, aggregates form the major part. Two billion tons of aggregate are 
produced each year in the United States. Production is expected to increase to more than 2.5 billion tons per year by the year 
2020 [1]. Similarly, the consumption of the primary aggregate was 110 million tonnes in the UK in year 1960 [2] and 
reached nearly 275 million tonnes by 2006 [3]. Use of natural aggregate in such a rate leads to a question about the 
preservation of natural aggregates sources. In addition, operations associated with aggregate extraction and processing are 
the principal causes of environmental concerns [4]. In light of this, in the contemporary civil engineering construction, using 
alternative materials in place of natural aggregate in concrete production makes concrete as sustainable and environmentally 
friendly construction material. Different alternative waste materials and industrial by products such as fly ash, bottom ash, 
recycled aggregates, foundry sand, china clay sand, crumb rubber, glass were replaced with natural aggregate and 
investigated properties of the concretes [5-10]. Apart from above mentioned waste materials and industrial by products, few 
studies identified that coconut shells, the agricultural by product can also be used as aggregate in concrete [11,12]. 
According to a report, coconut is grown in more than 86 countries worldwide, with a total production of 54 billion nuts per 
annum. India occupies the premier position in the world with an annual production of 13 billion nuts, followed by Indonesia 
and the Philippines [13]. Limited research has been conducted on mechanical properties of concrete with coconut shells as 
aggregate replacement [11,12]. However, further research is needed for better understanding of the behaviour of coconut 
shells as aggregate in concrete. Furthermore, there is no study available in the literature on the transport properties which 
determine durability of the concrete. Thus, the aim of this work is to provide more data on the strengths of coconut shell 
concretes at different coconut shells (CS) replacements and study the transport properties of concrete with CS as coarse 
aggregate replacement. Furthermore, in this study, the effect of fly ash as cement replacement and aggregate replacement on 
properties of the CS replaced concrete was also investigated. 

EXPERIMENTAL INVESTIGATIONS 

2.1. Materials 

The constituent materials used in this investigation were procured from local sources. Ordinary Portland cement of 
C53 grade conforming to both the requirements of IS: 12269 [14] and ASTM C 642-82 type I [15] was used. Fly ash used in 
this investigation was procured from local suppliers. Chemical composition of the materials is presented in Table 1 along 
with specific gravities of the materials. Normal aggregate, that is, crushed blue granite of maximum size 20 mm was used as 
coarse aggregate. Well graded river sand passing through 4.75 mm was used as fine aggregate. The specific gravities of 
coarse and fine aggregates were 2.65 and 2.63 respectively. Coconut shells which were already broken into two pieces were 
collected from local temple; air dried for five days approximately at the temperature of 25 to 30"C; removed fibre and husk 
on dried shells; further broken the shells into small chips manually using hammer and sieved through 12mm sieve (Figure 1). 
The material passed through 12nmi sieve was used to replace coarse aggregate with CS. The material retained on 12mm 
sieve was discarded. Water absorption of the CS was 8% and specific gravity at saturated surface dry condition of the 
material was found as 1.33. Grading of the aggregates including CS is shown in Table 2. 
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2.2. Mix proportions 

In order to investigate properties of CS concretes, six mixes were employed. Control mix (Ml) that is, without CS 
was made. Coarse aggregate was then replaced with CS in 10 (M2), 15 (M3), 20 (M4) percentages to study effect of CS 
replacement. Furthermore, a mix with both CS and fly ash (M5) was also employed, in which, 20% of CS was replaced with 
aggregate and 25% of fly ash was replaced with cement. M6 mix contained 20% of coconut shells and 5% of fly ash both 
replaced with aggregate. Free water to cementitious ratio was maintained constant at 0.6 for all concrete mixes. Extra water 
was added in the mixes depending on the CS replacement to compensate water absorption of the CS particles. The details of 
the mixture proportions used for the concretes are given in Table 3. 

2.3. Mixing, compaction, specimen preparation and curing 

The concretes were mixed in a planetary mixer of 100 1 capacity. The mixing time kept to about 3 to 4 min. 
Mixing of the materials was in a sequence: (i) portion of design water poured into mixture drum; (ii) cement gently placed; 
and (iii) aggregate and CS was spread over the cement and started mixing. During mixing, the remaining design water was 
poured into the mix for thorough mix of concretes. Specimens were then prepared and left for 24 hours. The specimens were 
demoulded after 24 hours and immersed in normal water for curing until the test age. 

3. TEST PROGRAM 

The main objective of the present investigation was to study the performance of CS concretes in terms of strength 
and transport properties with normal water curing and with no chemical admixtures in the mixes. Performance of the 
concretes was assessed through: compressive strength, split tensile strength, water absorption and sorption. The specimens 
were tested for compression and split tensile strengths at 1, 7 and 28 days. The strengths were obtained by considering the 
average of two replicate specimens. However, if the variation of any individual value from the average was greater than ± 
10 %, a third specimen was tested. Absorption and sorption tests were conducted at 28 days of curing. These tests were also 
conducted on two repUcate specimens and the average values were reported. 

3.1. Compressive strength studies 

The compressive loading tests on concretes were conducted on a compression testing machine of capacity 2000 
kN. For the compressive strength test, a loading rate of 2.5 kN/s was applied as per IS: 516-1959 [16]. The test was 
conducted on 150mm cube specimens at 1, 7 and 28 days. 

3.2. SpUt Tensile Strength 

Split tensile strength test was conducted in accordance with ASTM C496 [17]. Cylinders of 100 x 200 mm size 
were used for this test, the test specimens were placed between two platens with two pieces of 3 mm thick and 
approximately 25 mm wide plywood strips on the top and bottom of the specimens. The split tensile strength was conducted 
on the same machine on which the compressive strength test was performed. The specimens were tested for 1, 7 and 28 days. 

3.3. Permeable voids and water absorption studies 

An absorption study was conducted to understand the relative porosity permeable void space of the concretes, in 
according to ASTM C 642-82 [18]. The absorption and permeable voids tests were conducted on two 150 mm cubes. 

Saturated surface dry specimens were kept in a hot air oven at 105 °C until a constant weight was attained. The ratio of the 
difference between the mass of saturated surface dry specimen and the mass of the oven dried specimen at 105°C to the 
volume of the specimen gives the permeable voids in percentage as: 
Permeable voids = (A-B)A^*100 

where A is the weight of surface dried saturated sample after 28 days immersion period. B is the weight of oven dried 
sample in air. V is the volume of sample. 

The specimens removed from the oven were allowed to cool to room temperature. These specimens were then completely 
immersed in water and weight gain was measured until a constant weight was reached. The absorption at 30 min (initial 
surface absorption) and final absorption (at a point when the difference between two consecutive weights was almost 
negligible) were reported to assess the concrete quality. The final absorption for all the concretes was observed to be at 72 h. 

3.3. Sorption test 

The sorption test was conducted on the concretes in order to characterize the rate of moisture migration of water 
into the concrete pores. One hundred fifty millimetre cube specimens were marked on all four sides at 10 mm interval to 
measure the moisture migration. As explained in the water absorption test, the specimens were oven-dried. They were then 
allowed to cool down to the room temperature. After cooling, the cubes were placed in water on the wedge supports to make 
sure that only the bottom surface of the specimens was in contact with the water. A cotton cloth was covered on top of the 
wedge supports to ensure the specimens are in contact with water throughout the test period. Moisture rise in the cubes was 
measured through the weight gain of the specimen ate the regular intervals. The sorption of the concretes was thus calculated 
using linear regression between the weight gain of specimen per unit area of concrete surface in contact with water and 
square root of time for the suction periods. 

4. RESULTS AND DISCUSSION 

A comprehensive summary of the strength properties of normal and CS concretes are presented in Table 4. Table 5 
shows transport properties of normal and CS replaced concretes. 
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4.1. Properties of fresh concrete 

Visual observations during mixing and compaction of all the concretes suggested that the concretes were 
homogeneous; there was no segregation and bleeding, the mixes were compactable. The fresh state performance of the CS 
concretes was comparable with control concrete. The concretes had low slump the slump values of the concretes were 
between 20-26mm. The slump decreased with increase in CS percentage. However, for M5 mix, in which, the cement 
content was replaced with 5% of fly ash had 25% CS shown little better performance over M4. Furthermore, M6 mix, in 
which, the total aggregate was replaced with 5% of fly ash and had 25% CS shown highest slump value. 
This observation suggests that addition of CS decreases workability and addition of fly ash either as cement replacement or 
aggregate replacement increases workability in CS concrete. The decreased workability of CS concretes may be due to CS 
particle shape. Flat shaped CS particles could have restricted overall movement of the aggregate particles and thus reduced 
workability. The densities of fresh concretes were also tested (Table 4). Figure 2 shows relationship between density of the 
concrete and CS replacement, there was good relationship between the variables. As can be seen in the figure, with increase 
in CS percentage the densities were decreased. Decreased densities of CS concretes could be attributed to direct consequence 
of specific gravities of the materials. The specific gravity of normal aggregate was around 2.6, whereas, specific gravity of 
CS shells was 1.33. 

4.2. Compressive strength 

Table 4 shows the compressive strengths of all the concretes for 1, 7 and 28 days of curing. The strength of all the 
concretes increased with curing age. Control concrete gained 31 percent and 50 percent over its 28 day compressive strength 
at one day and 7 days of curing respectively. Strength of the CS concretes increased 24-42 percent at one day and 38-84 
percent after 7 days of curing than its corresponding 28 day strengths respectively. This observation suggests that as CS 
percentage increased the 7 day strength gain also increased with corresponding 28 day curing strength. The CS concretes, 
especially 15 % (M3) and 20% (M4) replacement level the concretes failed to maintain same strength gain, which had first 7 
days of curing. This may be due to lack of sufficient bond between the particles. As the first 7 days of curing, majority of the 
compressive strength of the concretes depends on paste strength. However, at later age, the strength of concrete depends on 
strength of the paste, strength of the aggregate and bond strength between the aggregate particles and cement paste. 
Evidently, in the present investigation, the visual observations on specimens failed in compressive strength test suggested 
that the CS particles were separated from the paste phase. M5 concrete gained 48 percent at 7 days of curing of its 28 day 
compressive strength. The difference in behaviour of M5 when compared to M4 could be due to presence of fly ash as 
cement replacement. Fly ash as cement replacement reduces strength of the paste at early age, thus, strength gain was 
reduced in M5 when compared to M4. Strength gain in M6 was higher when compared to M5. In M6 concrete fly ash was 
replaced with aggregate content. The 28-day compressive strengths of the concretes were between 7.22-22. 33MPa. The 
highest strength was for control concrete and the lowest strength was for M5 concrete. The 28 day compressive strength of 
M2 concrete was 61 percent when compared to control concrete. Furthermore, the strength decreased with CS replacement. 
The trend of the results was in line with the earlier studies [11]. The strengths of M3 and M4 were 42 and 32% respectively 
when compared to control concrete. M5 concrete strength was lower than M4 concrete. This observation suggests fly ash as 
a cement replacement had reduced compressive strength of CS concrete. Furthermore, compressive strength of M6 concrete 
was nearly equal to M4 concrete. From this observation it can be understood that addition of fly ash as an aggregate 
replacement had no iirfluence on compressive strength when compared to corresponding CS replaced concrete (M4). 
However, fly ash influence on compressive strength is time dependent phenomenon. Therefore, there may be possibility of 
increase in strength at later ages. It was not possible to perform later age tests in this project due to time constrain. Figure 3 
shows relationship between compressive strength and density of the concretes, there was good relationship between the 
parameters. As density increased compressive strength also increased. 

4.3 Split tensile strength 

Split tensile strength of all the concretes investigated is shown in Table 4. Concretes could not achieve even 
0.5MPa at one day. The split tensile strengths of the concretes were between 0.8 - 1.4 MPa at 7 days of curing. The control 
concrete (Ml) attained 32 percent of its 28 day split tensile strength. The CS concretes had higher strength enhancement than 
control concrete at 7 days of curing when compared to corresponding demoulded strength. Maximum strength gain was for 
M3 concrete with 70 percent of its 28 day split tensile strength nearly same strength gain was observed for M4 concrete. 
Strength gain of M5 with CS shells and fly ash as cement replacement had 80 percent of its 28 day strength. This increase 
was nearly 10 percent higher than M4 concrete. However, overall strength of M5 concrete was less than M4 concrete at 28 
days of curing. M6 concrete had 53 percent of its 28 day strength at 7 days of curing. The overall strength was nearly equal 
to M4 concrete. Similar to compressive strength, the split tensile strength also decreased with increase in CS replacement. 
The M2 concrete with 10% CS replacement had 63 percent of control concrete at 28 days of curing. M4 concrete had only 
48 percent of control concrete strength at 28 days. The split tensile strengths at 28 days were between 1.15-2.39MPa, 
control concrete had highest strength. Furthermore, M5 concrete had only 33 percent of split tensile strength of control 
concrete and M6 concrete had nearly same strength as that of M4 concrete when compared with control concrete 28 day split 
tensile strength. This observation suggests that, similar to compressive strength, for 28 days of curing addition of fly ash as 
cement replacement reduces overall strength of CS concrete and fly ash addition as an aggregate replacement shows no 
major difference with corresponding CS replaced concrete (M4). It appears there is a good relationship between compressive 
strength and split tensile strength. The regression analysis between the variables is shown in Fig. 4. From the figure it can be 
seen that the compressive strength and split tensile strengths are directly related. As compressive strength increased split 
tensile strength also increased. The figure also includes the equation suggested by Raphael, 1984 [19] for normal concrete, it 
appears the equation Utfle over predicts at low strengths, however, the equation well predicts at higher strengths for the 
present data. In general compressive strength depends on cement content, water to cement ratio, aggregate quality, bond 
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between the particles and internal structure of the concrete. In the present investigation the normal aggregate was replaced 
with coconut shells. In this study, there may be several reasons that might cause strength reduction due to CS replacement in 
concrete like shape of the particles, bond between the particles and the cement paste, alignment of the particles, water 
absorption and density of the particles. As can be seen in Fig. 1 the shape of the particles is two dimensional, that is, the ratio 
of lateral dimension to thickness is nearly 15 for 12mm CS particle. Furthermore, the particles are of curved shape. 
Elongated particles reduce compressive strength [20]. Surface texture determines bond between the particles, rough surface 
can produce good bond. However, coconut shells are rough on one face and relatively smooth on the other face. Therefore, 
there may not be enough bond between CS particles and cement paste to produce sufficient bond strength and ultimately 
sufficient compressive or tensile strength of the concrete. Furthermore, elongated and curved particle shape and insufficient 
bond between the particles may lead to porous structure. Evidently from Fig. 5 it can be noticed that M4 concrete had porous 
structure. Alignment of the CS particles within the concrete against load application might also contribute to strength. The 
particles aligned normal to the load direction could have failed due to in sufficient bond strength; the particles aligned 
parallel to load direction might have not resisted the strength due to thin section and insufficient bond. As stated earlier, the 
absorption of the coconut shells was 8% indicating that the material is porous. Porous material as aggregate leads to reduced 
density and ultimately reduces strength (Figure 3). 

4.4 Permeable voids and water absorption 

Permeable voids of the concretes are shown in Table 5. As can be seen the permeable voids increased with 
increase in CS replacement. For control concrete the permeable voids were 7.7%. However, 10% CS replacement increased 
permeable voids to 10.07 % which was 30 percent higher than control concrete. Similarly, the permeable voids were 88% 
higher than control concrete for 20% CS replacement. Addition of fly ash as cement replacement increased permeable voids 
with corresponding CS concrete (M4). However, addition of tly ash as an aggregate replacement reduced permeable voids. 
Relationship between permeable voids and CS replacement was examined (Fig. 6). There was good relationship between the 
parameters, permeable voids increased with increase in CS replacement. As strength of the concrete is also depends on pore 
structure, a relationship between permeable voids and strength was examined; there was good relationship between the two 
parameters (Fig. 7) as compressive strength increased permeable voids decreased. The absorption in 30 min (initial surface 
absorption) and the absorption after 72 h (final absorption) for the concretes are presented in Fig. 8. It can be seen that the 
initial surface absorption of all the concretes shows values lower than 3%, the limit specified for "good" concrete by CEB 
[21]. The final absorption at the end of 72 h for these concretes also followed a similar trend. Initial and final absorptions of 
control concrete were lower than all the remaining concretes. Although there was little difference of initial water absorption 
between CS concretes, the final absorptions of the concretes were nearly same for all the CS concretes. Addition of fly ash as 
cement replacement (M5) increased initial water absorption when compared to corresponding CS replaced concrete (M4). 
However, fly ash as an aggregate replacement did not show any marked difference when compared to corresponding CS 
replaced concrete (M4). Figure 9 shows relationship between water absorption and permeable voids, the trend shows that 
with increase in permeable voids water absorption also increases. Strength and water absorption are dependent on pore 
structure of the concrete and are inversely proportional to one another, that is, if porosity increases, strength decreases and 
absorption increases. Fig. 10 reveals similar trend, as strength decreased water absorption increased. 

4.5 Sorptivity - capillary water absorption 

Sorptivity of the concretes is shown in Table 5. Sorptivity of the concretes was between 0.12-0.18 mm/s"^. The 
lowest sorptivity was for control concrete and the highest sorptivity was for M5 concrete. Similar to water absorption, 
sorptivity also increased with CS replacement. Furthermore, fly ash as cement replacement further increased sorption when 
compared to corresponding CS replaced concrete, but, fly ash as an aggregate replacement showed little lower sorption. Fig. 
1 1 shows relationship between water absorption and sorption. As water absorption increased sorption also increased. As in 
water absorption, sorptivity also increased with increase in permeable voids (Fig. 12). Overall, the main factors that control 
the transport properties of concrete materials are relative volume of paste matrix, the pore structure of the bulk matrix and 
the interfacial zone around the aggregate particles. As explained earlier, it is thought that the CS with elongated and curved 
shape and lack of bond between the paste and aggregate particles resulted more porous structure and thus had higher values 
of absorption and sorption for CS replaced concretes than control concrete. 

4.6 Further discussion 

There may be a possibility to increase strength of CS replaced concrete. The coconut shells need to be cleaned 
thoroughly and make them free from fibre and husk on the surface. Size of the CS particles should be nearly equal to the 

thickness of the CS particle, that is, the ratio between the lateral dimensions of CS particle and thickness should be nearly 
equal to one. The particles with decreased size may avoid problems associated with shape and thus improve bonding 
between the aggregate particles and cement paste. Increased bond between the particles may lead to higher strength. On the 
other hand, reduced particle size may increase surface area and may lead to increased water demand and may cause strength 
reduction. In the present investigation the free water to cementitious ratio was 0.6. However, with the help of water reducing 
admixtures, if water to cementitious materials ratio can be reduced, then, it may be possible to increase strength of CS 
replaced concretes. Further investigation is clearly needed to assess particle size effect and effect of water to cementitious 
ratio on CS concretes. 

5. CONCLUSIONS 

Results of experiments on compressive strength, split tensile strength, water absorption and sorption for different 
CS replaced concretes have been presented with those of control concrete. The data shows the CS aggregate can be used in 
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place of nonnal aggregate, however, performance of CS aggregate concrete is little lower than normal aggregate concrete. 
The main points of this study are: 

1. Addition of CS decreases workability and addition of fly ash either as cement replacement or aggregate 
replacement increases workability of CS concrete. Increase in CS percentage decreased densities of the concretes. 

2. With CS percentage increase the 7 day strength gain also increased with corresponding 28 day curing strength. 
However, the overall strength decreased with CS replacement when compared to control concrete. Furthermore, 
fly ash as cement replacement had negative influence when compared to corresponding CS concrete and fly ash as 
aggregate replacement had similar performance as that of corresponding CS replaced concrete. 

3. Similar to compressive strength, the split tensile strength also decreased with increase in CS replacement. 
Furthermore, for 28 days of curing addition of fly ash as cement replacement reduced overall split tensile strength 
of CS concrete and fly ash addition as aggregate replacement showed no major difference with corresponding CS 
replaced concrete (M4). 

4. The results demonstrated that, irrespective of CS percentage replacement there was good relationship between 
compressive strength and split tensile strength. The equation proposed by Raphael, 1984 [19] for normal concrete 
was over predicting at lower strengths for CS concretes. 

5. Increase in CS replacement permeable voids also increased. With 10% CS replacement the permeable were 30 
percent higher than control concrete. Similarly, the permeable voids were 88 percent higher than control concrete 
for 20% CS replacement. Addition of fly ash as cement replacement increased permeable voids with 
corresponding CS concrete (M4). However, addition of fly ash as aggregate replacement reduced permeable voids. 

6. The absorption characteristics show that the initial 30 min absorption values for all the concretes were lower than 
limits commonly associated with good quality concrete [21]. The maximum absorption was 2.3% for the concrete 
having 20% CS and 25% fly ash as cement replacement. Fly ash as cement replacement increased water absorption 
and fly ash as aggregate replacement did not show any marked difference with corresponding CS replaced 
concrete. 

7. Sorptivity of the concretes was higher than control concrete for all CS concretes. The maximum sorption was 
0.18mm/s''^ for the concrete having 20% CS and 25% fly ash as cement replacement. Similar to absorption, fly ash 
as cement replacement increased sorption and fly ash as aggregate replacement did not show any marked 
difference with corresponding CS replaced concrete. 
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Figurel Processing of coconut shells: (i) air drying at 25-30°C, (ii) breaking coconut shells and (Hi) sieved coconut shells 
through 12mm sieve. 
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Figure 2 Relationship between concrete density and coconut shell replacement 



25 




0 ' — ' — ' — ' — ' — ' — ' — ' — ' — ' — ' — ' — ' — ^ — ' — ' — ' — ' — ' — ' 
2000 2100 2200 2300 2400 

Density, kg/m^ 

Figure 3 Relationship between compressive strength and density 
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Figure 4 Relationship between compressive strength and split tensile strength 
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Figure 5 A sample cylinder of M4 concrete 
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Figure 7 Relationship between compressive strength and permeable voids 
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Figure 8 Initial and final water absorptions of the concretes 
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Figure 9 Relationship between water absorption and permeable voids 
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Table 1 Chemical composition and specific gravity of the m aterials 

FLY 





CEMENT 


ASH 


Chemical Composition (%) 




Si02 


21.8 


58.3 


AI2O3 


6.6 


31.7 


FezOs 


4.1 


5.9 


CaO 


60.1 


2 


MgO 


2.1 


0.1 


NazO 


0.4 


0.8 


K2O 


0.4 


0.8 


SO3 


2.2 


0.2 


Others 






LOI 


2.4 


0.3 


Specific gravity 


3.15 


2.06 



Table 2 Aggregate grading 



cumulative percentage passing 

Seive size 

20mm 12mm CS Sand 



25 


100 








19 


95 








12.5 


60 


97.5 


98.5 




9.5 


30 


82.5 


62.5 




4.75 


3.5 


7.5 


16 


99 


2.36 




2.5 


7 


88 


1.18 








55 


0.6 








17 


0.3 








3 


0.15 








0.5 



Table 3 Mixture proportions 



concrete 


Cement, 




CA, 




CS, 




name 


kgW 


f , kgW 


kg/m^ 


FA, kg/m^ 


kgW 


w/cm 


Ml 


300 


0 


1170 


750 


0 


0.6 


M2 


300 


0 


1053 


750 


117 


0.6 


M3 


300 


0 


994.5 


750 


175.5 


0.6 


M4 


300 


0 


936 


750 


234 


0.6 


M5 


225 


75 


936 


750 


234 


0.6 


M6 


300 


96 


813.12 


750 


203.28 


0.6 



CS-coconutshells, f- fly ash, CA- coarse aggregate, FA-iine aggregate, cm-cementitious materials (c+f) 



Table 4. Strength properties of normal and CS concretes 
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Properties of Concrete with Coconut Shells as Aggregate Replacement 



Compressive Strength, MPa Split Tensile Strength, MPa 

Mix Slump, Density, 

name mm kg/ni3 

1 day 7 day 28 day 1 day 7 day 28 day 



Ml 


25 


2365 


6.84 11.11 


22.33 0.38 


0.76 


2.39 


M2 


23 


2186 


3.2 5.16 


13.56 0.19 


0.95 


1.51 


M3 


22 


2117 


3.56 7.29 


12.56 0.45 


0.95 


1.35 


M4 


20 


2061 


3.91 7.82 


9.33 0.25 


0.76 


1.15 


M5 


23 


2027 


2.22 3.47 


7.22 0.19 


0.64 


0.8 


M6 


26 


2023 


3.40 5.56 


9.67 0.32 


0.57 


1.08 


Table 5. Transport properties of normal and CS concretes 


Mix 




Absorption, % 


Permeable voids, % 


Sorption, mm/s"'^ 


name 




Average 

30 mill (±S.D) 


Average 
72 hr (±S.D) 


Average ( ±S.D) 


Average 


(+S.D) 


Ml 




1.23 (0.028) 


4.39 (0.156) 


7.7 (0.57) 


0.12(0.0028) 


M2 




1.62 (0.141) 


5.2 (0.283) 


10.07 (0.10) 


0.13 (0.0028) 


M3 




1.85 (0.071) 


5.3 (0.424) 


13.33 (0.47) 


0.15(0.0099) 


M4 




1.97 (0.099) 


5.31 (0.438) 


14.52 (0.74) 


0.17 (0.0113) 


M5 




2.3 (0.141) 


5.42 (0.453) 


14.81 (1.15) 


0.18(0.0071) 


M6 




1.9 (0.071) 


5.38 (0.255) 


13.52 (0.74) 


0.16 (0.0085) 
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